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Abstract
Background
Knowledge of risk factors and their relative importance in different settings is essential to
develop effective health education material for the prevention of typhoid. In this study, we
examine the effect of household level and individual behavioural risk factors on the risk of
typhoid in three Indonesian islands (Sulawesi, Kalimantan and Papua) in the Eastern Indo-
nesian archipelago encompassing rural, peri-urban and urban areas.
Methods
We enrolled 933 patients above 10 years of age in a health facility-based case-control study
between June 2010 and June 2011. Individuals suspected of typhoid were tested using the
typhoid IgM lateral flow assay for the serodiagnosis of typhoid fever followed by blood cul-
ture testing. Cases and controls were defined post-recruitment: cases were individuals with
a culture or serology positive result (n = 449); controls were individuals negative to both
serology and culture, with or without a diagnosis other than typhoid (n = 484). Logistic
regression was used to examine the effect of household level and individual level beha-
vioural risk factors and we calculated the population attributable fraction (PAF) of removing
each risk significant independent behavioural risk factor.
Results
Washing hands at critical moments of the day and washing hands with soap were strong
independent protective factors for typhoid (OR = 0.38 95% CI 0.25 to 0.58 for each unit
increase in hand washing frequency score with values between 0 = Never and 3 = Always;
OR = 3.16 95% CI = 2.09 to 4.79 comparing washing hands with soap sometimes/never vs.
often). These effects were independent of levels of access to water and sanitation. Up to
two thirds of cases could be prevented by compliance to these practices (hand washing
PAF = 66.8 95% CI 61.4 to 71.5; use of soap PAF = 61.9 95%CI 56.7 to 66.5). Eating food
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out in food stalls or restaurant was an important risk factor (OR = 6.9 95%CI 4.41 to 10.8 for
every unit increase in frequency score).
Conclusions
Major gains could potentially be achieved in reducing the incidence of typhoid by ensuring
adherence to adequate hand-washing practices alone. This confirms that there is a pivotal
role for ‘software’ related interventions to encourage behavior change and create demand
for goods and services, alongside development of water and sanitation infrastructure.
Introduction
Typhoid fever is an acute and often life-threatening febrile illnesses transmitted via the fecal-
oral route by the bacterium Salmonella enterica serotype Typhi. Individuals are infected by
ingestion of contaminated water or food but also after contact with a patient or ex-patient.
Patients may become life-long carriers and these individual secreting the pathogen with their
stool form a significant factor in the maintenance of the pathogen in a population. The patho-
gen does not infect animals, and therefore, transmission is only from human to human.
There is a lack of reliable data on the burden of typhoid, because of the limited availability
of blood culture services and the challenges associated with implementing large scale fever sur-
veillance techniques to measure disease incidence [1]. The latest estimates suggest that the dis-
ease caused 13.5 million illnesses globally in 2010 [2]. Worldwide, the highest incidence rates
of typhoid fever have been recorded in Africa and Asia [2–3]. In Indonesia, a study conducted
in the slums of Jakarta estimated the incidence rate of typhoid at 148.7 per 100000 person-
years in the age group 2–4 years old, 180.3 in the age group 5–15 years old and 51.2 in those
over 16 years of age, with a mean age of onset of 10.2 years [4]. Without effective treatment,
typhoid fever has a case-fatality rate of 10–30%, but this number is reduced to 1–4% in those
receiving appropriate therapy [1].
Historically the World Health Organisation has maintained the position that typhoid con-
trol should revolve around the treatment of acute cases combined with improvements in water
and sanitation [1]. Two vaccines are licensed for use—the oral Ty21a vaccine and the injectable
Typhoid polysaccharide vaccine [5]—in high-risk settings. Although positive experiences in
Asia are paving the way for a renewed focus on vaccination programmes [6–7], reduced expo-
sure to the disease by means of improved water and sanitation remains the cornerstone of
typhoid prevention. However, there is a growing recognition that access to water and sanitation
alone is not sufficient—until hygiene is properly practiced, both at home and in the community
as a whole, the desired impact of improved water and sanitation services on health related out-
comes (typhoid included) cannot be realized [8–9].
Knowledge of risk factors and the relative importance of access to water and sanitation
(‘hardware’), versus individual behavior (‘software’) [10] is essential to develop effective health
interventions. A variety of risk factors for typhoid fever have been reported in different studies
in Indonesia and these can be generally divided in factors associated with low levels of educa-
tion, contact with a typhoid patient, lack of access to clean water and sanitation, inadequate
hand-washing practices and poor hygiene, as well as consumption of street food and drinks
[11–14]. However, no study to date has systematically assessed the relative importance of
‘hardware’ vs. ‘software’ and across a variety of settings in Indonesia, encompassing both urban
and rural areas. Furthermore it is not known how many cases could potentially be averted by
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reducing ‘high risk’ behavior without intervening on access to hardware. In this study, we
examine the effect of household level and individual behavioural risk factors on the risk of
typhoid and estimate the population attributable factor associated with the removal of main
risk factors in three Indonesian islands encompassing rural, peri-urban and urban areas.
Materials and Methods
Study design and patient recruitment
A total of 933 patients were recruited in a case-control study between June 2010 and June
2011 from 14 selected hospitals and health centres in three Indonesian islands: in and around
Makassar in South Sulawesi (Sulawesi); Jayapura (Papua); Samarinda in East-Kalimantan
(Kalimantan) (Fig 1). Health facilities were located in a range of rural, urban and peri-urban
settings—where peri-urban areas are defined as areas at the margins of an urban area, in tran-
sition from rural to urban. Health centres were included based on health staff availability,
willingness to participate, as well as accessibility to a local diagnostic facility (to enable easy
transport of blood culture material). This included two facilities in Kalimantan (one in a
peri-urban area, one in an urban area), three in Papua (two in peri-urban areas and one in an
urban area) and nine in Sulawesi (two in rural area, three in peri-urban areas and four in
urban areas).
The criteria for enrolment in the study were the fulfillment of at least 2 of the following 3
typhoid suspicion criteria: 1) fever on the day of consultation (body temperature measured
axillary>37.5°C); 2) fever duration3 days; 3) headache since the start of the fever. Only indi-
viduals above the age of 10 years on the day of recruitment were included in the study.
Individuals suspected of typhoid were tested by means of the typhoid IgM lateral flow assay
for the serodiagnosis of typhoid fever followed by blood culture testing (see paragraph below
for details). Three groups of approximately equal size were recruited: 1) patients who were pos-
itive to serology were enrolled as potential cases and a follow-up culture test was done; 2)
patients who were negative to serology but for whom a clinical suspicion of typhoid remained,
were enrolled as potential controls and were also tested by culture; 3) patients who were nega-
tive to serology and for whom there was no clinical suspicion of typhoid and were diagnosed
with another disease were recruited as potential controls and no culture testing was done (Fig
2). This algorithm builds upon the complementarity between the lateral flow which, being an
antibody test, has a higher sensitivity for later stage patients (from 7 days onward) and blood
culture testing which has a high sensitivity for early stage patients. [15]. This algorithm was
chosen in consultation with all staff involved in the study in order to accommodate 1) study
goals (introduction of serological testing in remote health facilities where culture testing is not
routinely conducted); 2) primary diagnostic concerns (a positive serology in a febrile patient
with another diagnosis as typhoid may be due to sensitization in the past which warrants a fol-
low-up of all serological test with culture testing); and 3) routine clinical practice, which priori-
tized the use of culture testing for negative serology only when no other diagnosis could be
found—despite the fact that during the first week of the disease antibodies are often not detect-
able, which would justify a culture test for all negative serological tests.
The procedures for the typhoid IgM lateral flow assay which detects specific IgM antibodies
have been documented elsewhere [15]. Test results were rated from 1+ to 4+ depending on the
staining intensity at the test line and a result was considered positive when greater or equal to
1+. Blood cultures were performed by the inoculation of 8 ml freshly collected venopuncture
blood directly into a Bactec plus aerobic/F bottle. Bacterial cultures were allowed to grow for 24
hours by incubation at 37°C after which 1 ml of broth was spread on a 9 cm diameter, 15 ml SS
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Fig 1. Location of study sites and participating health facilities.
doi:10.1371/journal.pone.0155286.g001
Fig 2. Diagnostic algorithm. 1 Fever on the day of consultation (body temperature measured axillary
>37.5°C); fever duration3 days; headache since the start of the fever. 2 IgM lateral flow assay
doi:10.1371/journal.pone.0155286.g002
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agar plate. After another incubation for 72 hours at 37°C plates were examined for colonies
and individual colonies were picked and subject to biochemical identification.
Individual behavioural risk factors were collected at recruitment and included current and
past illness, sanitary conditions and practices, personal hygiene including frequency of hand
washing, (outdoor) eating habits and the use and preparation of safe drinking water, recent
traveling, recent contact with a typhoid patients and knowledge of typhoid and the prevention
of typhoid. In addition from December 2010 onwards a questionnaire was submitted to a
household contact of each typhoid suspect to elicit information regarding household level
access to water, hygiene and sanitation. Household level data was collected for a subset of 494
out of 933 individuals enrolled in the study.
Data collection was conducted by trained staff using semi-structured and pre-tested ques-
tionnaires. Information was collected on paper questionnaires and subsequently entered in an
electronic database.
Statistical analyses
For statistical analyses the following case definition was defined post-recruitment: Type I
cases were individuals with a culture positive result regardless of serological result (c+/s+;
c+/s-); Type II cases were individuals who had a culture negative but seropositive results
(c-/s+); Type I controls were individuals negative to both serology and culture (s-/c-); Type II
controls were individuals negative to serology and with a diagnosis other than typhoid (s-/d-).
In this paper we conducted the main analyses comparing all controls (Type I and II) versus all
cases (Type I and II). Sub-set analyses were conducted comparing only Type I cases and Type
I controls.
The effect of individual and household level risk factors were examined by fitting logistic
regressions. Since many individual risk factors were correlated, we built composite indicators
to summarise the information from groups of collinear variables into a unique variable. An
overall hand washing frequency score (hand washing in critical moments of the day) was cre-
ated as the arithmetic mean of individual variables: hand washing after using the toilet, hand
washing before eating, hand washing before food preparation, hand washing after change dia-
pers, hand washing when coming home, hand washing before prayers. Each hand washing var-
iable was coded at data collection on a categorical scale ranging from 0 (never) to 3 (always).
The overall hand washing frequency score was therefore a continuous score variable ranging
from 0 (never washes at critical times) to 3 (washes at all critical times). Similarly two fre-
quency scores for eating meals at home or out were created out of individual categorical vari-
ables denoting the frequency with which breakfast, lunch and dinner were consumed at home
or out (i.e. restaurant or food stall). This resulted in a continuous score between 0 (never con-
sumes meals at home/out) to 3 (always meals at home/out).
We examined the population attributable fraction (PAF) of removing each individual beha-
vioural risk factor, by island and by type of setting (urban, peri-urban and rural) to assess the
proportion of cases which could be potentially averted by removing each factor. The PAF esti-
mates and confidence intervals were estimated using the user defined punafcc command in
Stata, which implements a maximum likelihood estimation of the attributable fraction from
logistic models [16].
All analyses were conducted with Stata/SE 12.1 for Windows.
Ethics
The medical ethical committee of the Hasanuddin University approved the study. Written
informed consent was obtained from literate participants or their guardians if the participants
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were minors. Oral informed consent was obtained from all individuals enrolled in the study or
their guardians. For illiterate participants who only provided oral consent, consent was docu-
mented with the signature of a witness. The use of oral consent for illiterate participants was
specifically approved by the ethics committee.
Results
Of the 933 patients in the study the following groups were recruited: 1) 295 individuals were
positive to serology and enrolled as potential cases, 151 (51.2%) of which were tested positive
by culture; 2) 328 individuals were negative to serology but with a clinical suspicion of
typhoid and enrolled as potential controls, 154 (46.9%) of which were tested positive by cul-
ture; 3) 310 individuals were negative to serology and diagnosed with another disease and
recruited as potential controls. Out of these 310 patients, 12 (3.9%) were diagnosed with den-
gue hemorrhagic fever, 37 (11.9%) with hepatitis, 48 (15.5%) with leptospirosis, 65 (21%)
with malaria (21.0%), 66 (21.2%) with upper respiratory tract infection (21.3%) and 82
(26.5%) remained with an unknown diagnosis. According the categorical case definition
defined post-recruitment for analyses, out of the 933 recruited patients, 305 (32.7%) were
classified as Type I cases; 144 (15.4%) as Type II cases; 174 (18.6%) as Type I controls; and
310 (32.2%) as Type II controls. There was only one clear trend in socio-demographic char-
acteristics across case definitions: cases were more likely to report a “food related” profession
than controls (Table 1).
Household characteristics
The distribution of household characteristics by case definition revealed that Type I controls
differed from Type II controls and appear to be generally more similar to cases than controls
(S1 Table)–they had worse access to water and sanitation, scored worse in terms of hygiene
indicators (kitchen cleanliness, ownership of bins etc) and were from poorer households.
The strongest predictor of typhoid risk at household level was availability of soap near the
toilet, increasing the odds over four-fold (S2 Table). This was closely followed by associa-
tions with variables related to sanitation, which increased the odds of typhoid between up to
nearly threefold (methods to empty latrines, number of people sharing a latrine). Various
variables related to water quality and accessibility were associated with the odds of typhoid,
increasing odds by factors of around 2 (for example number of buckets available in the
household for drinking, cooking and cleaning, availability of water near the latrine, water
treatment, water colour, distance to nearest water point) as well as food preparation (number
of home cooked meals per day, consumption of raw vegetables, number of times the kitchen
is cleaned per week). Socio-economic variables were also associated with higher odds of
typhoid in poorer households living in non-permanent or traditional houses without fridge
or waste bins.
Household composition was not significantly (p>0.10) associated with the odds of typhoid
(number of household members, number of household members under the age of 12).
Although water availability (number of buckets available) and accessibility (distance to nearest
water source, availability of water near the latrine) were predictors of typhoid risk, the type of
water source (in-house tap, tap on compound, well on compound, well in village, rive/canal/
pond) and storage containers (ember, drum, water tank), how water is taken from the place it
is stored (scoop vs. tap) or whether water tasted of iron (correlated with water taste—yellow
water more likely to taste like iron, water with no colour more likely to have no taste) were not
shown to have an effect. Similarly, there was no effect of where food for household consump-
tion is sourced (market, supermarket, stalls, peddlers). Although waste bin ownership was
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found to be a protective factor, whether the waste bin was covered, what kind of waste disposal
was in place (burning, waste removal service, disposed in gutter/river, hole in the ground) did
not have any effect. There was no effect with regards to reported flood in the last 12 months
nor use of faeces as fertilizers (not reported by any participant).
Due to high collinearity in the variables from the household profile it was not possible to
build a multivariate model to elicit independent risk factors of typhoid at household level.
Table 1. Baseline characteristics by case definition.
Typhoid case deﬁnition1
Type I Cases Type II Cases Type I Controls Type II Controls Total
N = 305 N = 144 N = 174 N = 310 N = 933
Setting
Urban 176 57.7% 78 54.2% 92 52.9% 169 54.5% 515 55.2%
Peri-urban 93 30.5% 55 38.2% 54 31.0% 99 31.9% 301 32.3%
Rural 36 11.8% 11 7.6% 28 16.1% 42 13.5% 117 12.5%
Island
Kalimantan 77 25.2% 26 18.1% 53 30.5% 78 25.2% 234 25.1%
Papua 59 19.3% 34 23.6% 31 17.8% 63 20.3% 187 20.0%
Sulawesi 169 55.4% 84 58.3% 90 51.7% 169 54.5% 512 54.9%
Seks
Male 144 47.2% 70 48.6% 82 47.1% 154 49.7% 450 48.2%
Female 161 52.8% 74 51.4% 92 52.9% 156 50.3% 483 51.8%
Religion
Christian 44 14.4% 21 14.6% 26 14.9% 43 13.9% 134 14.4%
Hindu 6 2.0% 2 1.4% 2 1.1% 5 1.6% 15 1.6%
Muslim 255 83.6% 121 84.0% 146 83.9% 262 84.5% 784 84.0%
Age category (in years)
> = 10–20 82 26.9% 27 18.8% 39 22.4% 71 22.9% 219 23.5%
> = 20–30 94 30.8% 45 31.3% 55 31.6% 92 29.7% 286 30.7%
> = 30–40 72 23.6% 35 24.3% 36 20.7% 61 19.7% 204 21.9%
> = 40–50 32 10.5% 22 15.3% 26 14.9% 44 14.2% 124 13.3%
> = 50 25 8.2% 15 10.4% 18 10.3% 42 13.5% 100 10.7%
Profession
Low-skilled labour 46 15.1% 23 16.0% 32 18.4% 34 11.0% 135 14.5%
High-skilled labour 7 2.3% 17 11.8% 12 6.9% 15 4.8% 51 5.5%
Home based or unemployed 127 41.6% 67 46.5% 85 48.9% 144 46.5% 423 45.3%
Student 80 26.2% 29 20.1% 37 21.3% 84 27.1% 230 24.7%
Food related 14 4.6% 2 1.4% 1 0.6% 2 0.6% 19 2.0%
Farmer 31 10.2% 6 4.2% 7 4.0% 31 10.0% 75 8.0%
Education
None 82 26.9% 28 19.4% 35 20.1% 72 23.2% 217 23.3%
Elementary 94 30.8% 51 35.4% 69 39.7% 94 30.3% 308 33.0%
Junior high 71 23.3% 45 31.3% 45 25.9% 77 24.8% 238 25.5%
Higher than junior high 58 19.0% 20 13.9% 25 14.4% 67 21.6% 170 18.2%
1 Type I controls were individuals negative to both serology and culture (s-/c-); Type II controls were individuals negative to serology and with a diagnosis
other than typhoid (s-/d-); Type I cases were individuals with a culture positive result regardless of serological result (c+/s+; c+/s-); Type II cases were
individuals who had a culture negative but seropositive results (c-/s+);
doi:10.1371/journal.pone.0155286.t001
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Individual behaviour
Graphical analyses and results from the logistic regression (both univariate and multivariate)
revealed associations with only three behavioural variables: hand washing and washing with
soap were strongly protective, whereas eating meals out was a strong risk factor as shown in Fig
3 and Table 2. Similarly to the household profile analyses reported above, analyses at individual
level revealed that Type I controls differ in terms of behaviour from Type II controls, and are
more similar to the cases—Type I controls have lower hand washing frequency and never
report using soap.
In the multivariate model, for every unit increase in the hand washing score there was an
estimated 62% reduction in the odds of infection; people who reported to wash their hands
with soap sometimes or never had threefold higher odds than those who washed their hands
often, whereas there was no significant difference compared to those who reported to always
wash their hands; eating meals out increased the odds of infection by a factor of 6.9. These
effects from the final multivariate model did not change by more than 10% when adding
the following significant hand washing related household level factors to the model (on the
subset of individuals for whom both individual level and household level data was available):
number of buckets of water available (n = 478), availability of soap near the latrine (n = 487),
availability of a water source near the latrine (n = 487), and distance from the nearest water
source (n = 492) (results not shown).
Fig 3. Distribution of individual level risk factors by case definition [1]. 1 Type I controls were individuals
negative to both serology and culture (n = 305); Type II controls were individuals negative to serology and
with a diagnosis other than typhoid (n = 144); Type I cases were individuals with a culture positive result
regardless of serological result (n = 174); Type II cases were individuals who had a culture negative but
seropositive results (n = 310); 2 Continuous score with values between 0 = Never and 3 = Always. 3
Categorical variable 0 = Sometimes/Never, 1 = Often, 2 = Always. 4 Categorical variable 1 = Less than once a
week, 2 = Once a week, 3 = Few times a week, 4 = Every day
doi:10.1371/journal.pone.0155286.g003
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The sub-set analyses comparing Type I cases to Type I controls did not entirely confirm the
main analyses. This is mainly because, as can be seen in S1 Table and Fig 3, and discussed
above, Type I controls are more similar to Type I and Type II cases than to Type II controls in
household characteristics and behavior. As a consequence effects were either less strong and/or
no longer significant in the sub-set analyses (S3 Table), which means that the effects presented
in the main analyses are likely to underestimate the true effects: Type I controls, which are
actually more similar to cases, are aggregated together with other more genuine Type II con-
trols thus diluting effects.
We calculated the PAF for the removal of each risk factor by type of setting (Table 3) and by
island (Table 4) based on the univariate models (Table 2). Across all settings approximately
two thirds of cases could potentially be averted if people washed their hands with soap often or
always versus sometimes or never. Similarly approximately two thirds of cases could be averted
with more frequent hand washing, i.e. if everyone washed their hands in all critical moments of
the day often or always vs. sometimes or never. One in five cases could be averted by not eating
meals out. The PAF associated with use of soap was especially high in rural areas where 92%
of cases could be averted with use of soap, because the OR associated with soap use is much
higher in this subgroup than in others (OR = 26.72, 95% CI = 6.00 to 118.83), whereas the prev-
alence of soap use is similar across settings (overall 39% of all individuals responded washing
their hands with soap in all critical moments of the day). The PAF associated with eating meals
out was the highest in Kalimantan and in peri-urban where estimated effects were higher than
Table 2. Estimated effect of individual level behavioural risk factors on the odds of typhoid1,2.
Univariate Multivariate (N = 933)
N OR 95% CI Sig.3 OR 95% CI Sig.3
Hand washing frequency score4 933 0.26 0.20 to 0.35 <0.001 0.38 0.25 to 0.58 <0.001
Use of soap 933 <0.001 <0.001
Often 1 1
Sometimes/Never 3.84 2.73 to 5.40 <0.001 3.16 2.09 to 4.79 <0.001
Always 0.61 0.37 to 0.99 0.049 0.60 0.33 to 1.07 0.083
Eating meals at home frequency score4 933 0.92 0.71 to 1.19 0.520
Eating meals out frequency score4 933 2.30 1.63 to 3.24 <0.001 6.90 4.41 to 10.80 <0.001
Raw vegetable consumption at home 933 0.169
Few times a week 1
Every day 1.12 0.84 to 1.51 0.431
Once/less a week 0.80 0.57 to 1.12 0.192
Latrine usage 906 0.417
Often 1
Sometimes /Never 1.15 0.81 to 1.65 0.430
Always 1.21 0.89 to 1.64 0.215
Places used to defecate 933 0.925
Only latrines 1
Field 0.98 0.72 to 1.34 0.919
Pond/river/canal 0.77 0.56 to 1.06 0.108
1 Logistic regression comparing cases Type I and Type II (n = 449) to controls Type I and II (n = 484)
2 The effect of contact with a typhoid patient could not be estimated as the majority of patients (73%) did not know the answer to the question.
3 P-values reported: Wald test of signiﬁcance of effect, LLR test of signiﬁcance of variable in the model.
4 Continuous score with values between 0 = Never and 3 = Always
doi:10.1371/journal.pone.0155286.t002
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in other groups (Kalimantan: OR = 7.72 95% CI = 4.23 to 14.10; peri-urban areas: OR = 2.48
95% CI = 1.55 to 3.94) and where the practice is more prevalent (53.8% of individuals in Kali-
mantan and 45% of individuals in peri-urban areas reported eating meals out sometimes, often
or always compared to 40% overall). The PAF associated with eating meals out in rural areas
and in Sulawesi (where all the rural facilities were located) was close to zero and not significant.
Knowledge about prevention and transmission
The data regarding knowledge of typhoid transmission and its prevention was missing for 613
(65.6%) individuals who did not answer the corresponding questions for unclear reasons (no
substantial differences across type of setting, island, sex, age, religion, although there were
Table 4. Population attributable fraction (PAF) and 95%CI of increased odds of typhoid infection for each behavioural risk factor, by island 1.
Island
Kalimantan Papua Sulawesi Total
N = 234 N = 187 N = 512 N = 933
Use of soap 2 61.5 53.7 66.9 61.9
(48.2 to 71.3) (45.7 to 60.7) (59.6 to 72.9) (56.7 to 66.5)
Hand washing 3 73.8 89.2 51.9 66.8
(65.2 to 80.4) (84.3 to 92.5) (40.4 to 61.2) (61.4 to 71.5)
Eating meals out 4 69.3 37.6 -4.5 19.3
(62.4 to 74.9) (15.9 to 53.7) (-1.7 to 6.6) 5 (11.7 to 26.3)
1 Odds ratios obtained from univariate logistic regression comparing cases Type I and Type II (n = 449) to controls Type I and II (n = 484)
2 Exposure: washing hands with soap often or always vs. sometimes or never
3 Exposure: washing hands in critical moments of the day average score > = 2 (often or always vs. sometimes or never)
4 Exposure: never eating out vs. eating out sometimes, often or always.
5 PAF is negative because in this subgroup eating meals out is a protective factor (OR = 0.84 95%CI = 0.57 to 1.25). The Population Protective Factor
(PPF) is 11.3% (95%CI -17.0% to 32.7%)
doi:10.1371/journal.pone.0155286.t004
Table 3. Population attributable fraction (PAF) and 95%CI of increased odds of typhoid infection for each behavioural risk factor, by type of
setting1.
Setting
Urban Peri-urban Rural Total
N = 515 N = 301 N = 117 N = 933
Use of soap 2 63.2 49.6 92.2 61.9
(56.7 to 68.8) (36.5 to 60.0) (84.5 to 96.0) (56.7 to 66.5)
Hand washing 3 65.0 74.1 53.8 66.8
(57.5 to 71.1) (66.1 to 80.3) (23.1 to 72.2) (61.4 to 71.5)
Eating meals out 4 15.8 33.8 -6.8 19.3
(4.9 to 25.4) (22.3 to 43.7) (-4.0 to 18.7) 5 (11.7 to 26.3)
1 Odds ratios obtained from univariate logistic regression comparing cases Type I and Type II (n = 449) to controls Type I and II (n = 484)
2 Exposure: washing hands with soap often or always vs. sometimes or never
3 Exposure: washing hands in critical moments of the day average score > = 2 (often or always vs. sometimes or never)
4 Exposure: never eating out vs. eating out sometimes, often or always.
5 PAF is negative because in this subgroup eating meals out is a protective factor (OR = 0.81, 95%CI = 0.36 to 1.80). The Population Protective Factor
(PPF) is 13.1% (95%CI -46.6% to 48.5%)
doi:10.1371/journal.pone.0155286.t003
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fewer missing values amongst the highly educated and those working in a ‘food related’ profes-
sion). Out of the 320 patients who answered, 176 (55.0%) reported that they did not know how
it was transmitted, 102 (31.9%) mentioned ‘dirty environment’, 35 (10.9%) ‘lack of informa-
tion/education’, 22 (6.9%) ‘contact with a patient’ and 2 (0.6%) ‘contaminated food’. Similarly,
175 (54.6%) reported that they did not know how typhoid could be prevented, 90 (28.1%)
reported ‘cleaning the environment’, 51 (15.9%) ‘eating cooked food or drinking boiled/clean
water’ 37 (11.6%) ‘washing hands before eating’, 13 (4.1%) ‘covering food’ or ‘storing food in
containers’ and 7 (2.2%) avoiding contact with patients. The proportion who did not know
about transmission and prevention was higher in peri-urban (22.9%) and rural (21.4%) areas
compared to urban areas (15.9%) (chi-square p<0.001).
Discussion
Our results suggest that major gains could be achieved in reducing the incidence of typhoid by
ensuring adherence to adequate hand-washing practices—i.e. at critical moments of the day
and with soap. These results confirm what has already shown extensively in the typhoid litera-
ture [11–14] as well as in the broader literature on disease transmitted by the fecal-oral route
[17–19]. This is likely to extend to all other diarrheal diseases which remain an important pub-
lic health problem in Indonesia [20] and the fourth most important cause of premature death
[21].
Importantly, the effect of handwashing practices appears to be independent from household
water availability and accessibility. We found associations between typhoid and with numerous
household level variables related to availability and accessibility of water and soap, although we
were not able to elicit independent effects—due to the high degree of collinearity between all
risk factors we were not able to obtain a single stable multivariate model, rather, different meth-
ods (backward/forward manual elimination, automated stepwise, choice of variables by theme)
produced greatly differing models which is why we refrained from presenting any of the results.
However, when we refitted the final individual behavioral accounting for the potential con-
founding effect of household variables related to water availability and accessibility, estimated
individual behavioural effects remained unchanged. This suggests that the estimated effects of
hand washing practices in our study are independent from availability of water at household
level.
These analyses confirm what has already been amply shown in the literature: sanitation
hardware alone is ineffective as a tool to alleviate the burden of disease caused by disease trans-
mitted by the fecal-oral route—what is needed is changes in behaviour coupled with improved
access to sanitation. Statistics of access to water and sanitation in Indonesia have substantially
improved in the past decade, and according to the latest Demographic and Health Survey in
2012 [22], three in four households in have access to an improved source of drinking water,
and 68% of households have an improved toilet facility that is not shared with other house-
holds. Furthermore, most households (92%) have soap and water in the place where household
members wash their hands, and only 6% have water only. However, health indicators show a
prevalence of diarrhea in children under the age comparable to countries with much lower
access to sanitation, with 14% of children under the age of five reporting diarrhea in the two
weeks preceding the survey. On one hand it is possible that the level of ‘hardware’ sanitation
currently present is still insufficient to contribute to improvement at the present level of envi-
ronmental and food contamination due to a high number of carriers not having access to suffi-
cient sanitation. These observations underscore the need for water and sanitation projects in
Indonesia to keep focusing on ‘software’ components for hygiene promotion (to induce behav-
ior change) and sanitation promotion (to create demand for sanitation and supply chains of
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goods and services) alongside infrastructural developments [9–10]. Indeed, hand-washing
practices are probably more important when there is still a considerable contamination of
water and food or a significant number of asymptomatic carriers in the community or in the
environment of the patient.
Our population attributable factor (PAF) analyses enable a quantification of the number
of cases which could be averted with more hygienic behavior: just over 60% of typhoid cases
could potentially be averted if people washed their hands with soap nearly 67% could be
averted if people washed their hands at all critical moments of the day, and 19% by not eating
out (or more to the point—if hygienic practices in foodstalls were improved). Analyses of the
PAF by type of setting and island did not show major differences in terms of the amount of
cases which could potentially be averted with better hand washing practices. There were differ-
ences with regards to the number of cases which could potentially be averted if people did not
eat out, which reflects the relative prevalence of this practice in different settings.
The main strength of our study is the wealth of data at individual and household level col-
lected in three distinct Indonesian settings, which enabled to quantify the effect of individual
factors, corrected for household level characteristics. Furthermore, since our sample covered
three islands encompassing urban, peri-urban and rural settings, we were able to also investi-
gate potential differences in the PAF of each independent risk factor across these different
locations. However, these results should be interpreted with caution—due to our health
facility selection strategy our estimates of the prevalence of hand washing and eating out are
not necessarily representative of each island or of urban, peri-urban, and rural settings in
Indonesia.
The main limitation of our study is the limited sensitivity of the tests and algorithm used.
This means that both Type I and Type II controls are likely to contain a relatively high number
of false negatives. In one study the sensitivity of the Typhoid IgM lateral flow was determined
to be 62% and raises from 41% to almost 90% depending on the duration of illness compared
to a sensitivity of 47% for blood culture [15]. In a study using a Bayesian model the sensitivity
of the Typhoid IgM lateral flow assay was estimated to be 90% (compared to 81% sensitivity
for blood culture) for children with a mean duration of illness of 5 days [23]. Conversely, speci-
ficity is much higher for both tests: whereas the specificity of blood culture is 100% the specific-
ity of the Typhoid IgM lateral flow is reported to range between 85% [23] and 98% [15].
As a result, our study suffers from one of the main limitations of case-control studies,
namely misclassification of the outcome variable which is likely to have diluted all the esti-
mated effects. Following our algorithm, serological testing was done on all patients but culture
was only done on individuals who were positive to serology (for confirmation) or for whom
there was a clinical suspicion of typhoid (as a complimentary test to serology given its limited
sensitivity for early stage patients). Therefore, there may be a number of false negatives in the
Type II controls which could have ended up being Type I cases had a culture test been done.
However, there are probably even more false negatives among the Type I controls given the
limited sensitivity of both the Typhoid IgM lateral flow and blood culture testing used in this
study for typhoid. There is also epidemiological evidence to suggest that this type of misclassifi-
cation may indeed have occurred: the behaviour and household characteristics of Type I con-
trols differs considerably from Type II controls—in fact, they are more similar to Type I and
Type II cases. Nevertheless, one cannot exclude either that Type I controls were in fact infected
with another enteric disease with similar symptoms to typhoid, given that health staff contin-
ued to suspect typhoid despite a negative serological test.
Despite these issues of potential differential misclassification of the outcome variable, it is
worth pointing out that the risk of a differential misclassification of the risk factors, is likely to
be low—the same tools were used for data collection in all cases and controls. Furthermore, the
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case definition used for analysis is different from the one used at recruitment (thus minimizing
interviewer bias).
Conclusions
Major gains could be achieved in reducing the incidence of typhoid by ensuring adherence to
adequate hand-washing practices in Indonesia. This is likely to extend to all other diarrheal dis-
ease transmitted through the fecal-oral route, which remain an important public health prob-
lem in Indonesia. While not negating the paramount importance of investments in water
supply and sanitation infrastructure, our results confirm that there is a pivotal role for ‘soft-
ware’ related interventions to encourage behavior change and create demand for goods and
services.
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